In latter years the growth of methods has led to a detailed understanding of the concentration and distribution patterns of electrolytes and water in the extracellular liquids. More recently attention has been directed toward the intracellular phase. The greater bulk of observations has been concerned with the most abundant intracellular cation, potassium. Much less is known about magnesium, second only to potassium with respect to concentrations within cells.
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There are many indications of the intimate role which magnesium plays in modulating neural excitability and muscular contraction (1-7); in catalysing several enzymic processes concerned with the transfer, storage and utilization of energy (8) (9) (10) (11) (12) (13) (14) ; and, perhaps, in the adjustment of overall bodily economy reflected in temperature regulation and hibernation (15, 16 ). Yet little is known of the patterns of its ebb and flow into and out of cells, or, indeed, of the concentrations obtaining within cells during most diseased states. This study was begun in order to discover what changes, if any, occurred in the magnesium content of skeletal muscle during certain clinical states marked by disturbances of electrolyte metabolism and accompanied occasionally by asthenia.
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tions of magnesium and of potassium: the two major cations had entered or left the muscle cell in such amounts as to maintain a constant relation one to the other. This observation suggested further analysis of the relation held by these cations, potassium and magnesium, to representative intracellular anions. Phosphorus and creatine were selected for study because of their abundance, their relation to each other as creatine phosphate and to potassium in phosphorylating reactions (17) (18) (19) , and because of observations which have suggested that potassium and phosphorus cross cell barriers in a relatively fixed proportion (20) (21) (22) (23) . The basic system of analysis of the aqueous homogenates followed that previously described (24) . Creatine was determined in the alkali digest as creatinine by the method of Peters (25) The continuing problem of selecting a base to which to refer the concentrations of intracellular constituents has been discussed before (24) . Experimentally induced muscle atrophy has been studied in rabbits (26) The clinical material and the concentrations of the various constituents in serum on or before the day of biopsy are presented in Table II . In these laboratories the normal range for serum magnesium is 1.7 to 2.2 mEq./l. and' for serum potassium 3.5 to 5.0 mEq./l. The concentrations found in the samples of muscle appear in Table III . The values for normal muscles were of the same order as those calculated on a fat-free basis by Shohl from the literature (27) . The ionic concentrations in atrophied muscle, when referred to NCN, were the same as those discovered in normal muscle, an inevitable result of the proportional depletion both of ions and of contractile proteins.
When the concentrations of potassium and of magnesium were plotted as a ratio, this ratio appeared to be constant and equal for all samples studied, whether from normal subjects, atrophied muscle, or from patients with frank disturbances of electrolyte metabolism (Figure 1 ). In this figure each point represents the mean value of two or three fragments from one sample of muscle. The average variation from its mean within each group of fragments was less than 5 per cent. The regression curve intercepts the origin.
A similar fixity of the concentration ratios for K/P (55.1, S.D. = ± 4.6) and for Mg/P (9.5, S.D. = ± 0.8) was found ( Figure 2 ). However, a linear extrapolation of these regression curves intercepts the abscissa at a value corresponding to approximately one-third of the content of total potassium in normal muscle (Figure 3) . The wide variations in the ratios of potassium to magnesium obtaining in serum, in sharp contrast to the small variation in muscle, are presented in Figure 5 . A three-fold increase in the K/Mg ratio in serum was accompanied by no significant change in the ratios of muscle. The same constancy of the K/P and Mg/P ratios in muscle were found' despite a five-fold variation of these same The mean creatine of the "low" K group is 0.110, of the "high" K group is 0.136 gm. The probability, calculated; from the "t" test, that this difference occurred by chance is less than one in 50. "t" = 2.82; P < 0.02. ratios in serum. In this limited series, a significant depletion of muscle K accompanied hypokalemia in two of five instances; and at least two of the five patients with hyperkalemia were found to have appreciable intracellular accumulations of potassium. Because of the coupled! relation of the major cations, the magnesium contents of muscle reflected those of muscle potassium but showed no clear relation to the concentrations of magnesium in serum.
The ratios of serum potassium (mEq./l.) to muscle potassium (mEq./gm. NCN) average about 1.3 in normal subjects. In the hypokalemic group the average ratio was 1.1 (0.8-1.3); and in the hyperkalemic group it was 1.6 (1.3-2.0). The The constancy in muscle of the ratios K/Mg, K/P and Mg/P might suggest that these relations followed necessarily the simple reduction or accumulation of muscle tissue containing a normal protoplasmic pattern, and thus no differential loss or gain of any intracellular constituents had occurred. That this is not likely to have been the case is indicated in Figure 6 , where it may be seen that the relation of potassium (and, therefore, of Mg and P) to NCN was random. In muscles ranging in content of NCN from 20 to Evidence supporting the premise that magnesium is also closely related in the net flux of intracellular substances, has been more indirect. Fenn and Haege's study of frog muscle showed' that magnesium might move in the same or opposite direction with respect to potassium, depending on the kind of external or internal stress which was applied (29) . Furthermore, from balance studies during the onset and treatment of diabetic acidosis, it was estimated' that several cations were wasted or saved in proportion to the fraction of intracellular base which they formed (34, 35) . As a consequence Butler has emphasized the necessity for a simultaneous repair of the deficit of intracellular potassium, magnesium and phosphorus in diabetic acidosis (36) . Additional support for this view is implicit in the observation that the serum concentrations of all three substances fall simultaneously following the initial therapy of diabetic acidosis with insulin and NaCl, and the presumed transfer of intracellular constituents from the extracellular fluids into cells (37) .
Mangun, Reichle and Myers reported a decrease in potassium, phosphorus and creatine content of skeletal muscle in patients who had died in congestive heart failure (38) . This deficiency they interpreted to be the net effect of a simultaneous escape of these three substances from the "cells" following the breakdown of a di-potassium salt of phosphocreatine. Such an explanation would appear to be inadequate now to explain the relation of potassium, phosphorus and creatine reported here. If the linear extrapolation of the cationphosphorus ratio in Figure 3 be valid, some 60 per cent of total phosphorus is related to cell cation. However, not more than 20 per cent of total phosphorus is known to be present in the form of phosphcreatine (39) . The difference, 40 per cent of he total, then, represents the approximate amount of phospihs related to cell cation but not associated with crtetine. It is unlikely, therefore, that the association of the flux of potassium, magnesium and phosphorus described in this report is more than a partial function of phosphocreatine synthesis and hydrolysis. The observation that patients with supernormal accumulations of intracellular potassium did not develop comparably elevated creatine concentrations is additional evidence against the inference that potassium accumulates in the cells only as a result of the synthesis of phosphocreatine.
One possible interpretation of the association of an intracellular potassium deficit with a deficit of creatine is that normal synthesis of phosphocreatine requires an adequate concentration of intracellular electrolyte. Phosphocreatine synthesis in this case would be dependent on muscle electrolyte content, rather that the reverse. Such a relation is consonant with certain recent knowledge of creatine metabolism. Several investigators have described the'essential role of potassium in phosphorylation of creatine in vitro (17) (18) (19) . On the other hand, it is probable that supernormal accumulations of potassium are not accompanied by comparable storage of creatine because the muscle has become saturated with respect to creatine, which, as has been shown for the rat, cannot be stored in amounts greatly exceeding that which occurs normally (40, 41) .
The justification for using serum magnesium, potassium and phosphorus concentration ratios as indices of comparable interstitial fluid ratios may be questioned on With respect to possible mechanisms concerned in the guarding of concentration ratios of intracellular electrolytes there are no data reported here which resolve substantially the differences to be found in current concepts. These interpretations vary from those which imply that the retention or exclusion of ions is the result wholly of active "pump"-like mechanisms to those which suggest that pure physicochemical forces such as charge, density, and spatial arrangement of the intracellular proteins and ions, are alone responsible for the gradients which occur (46) . The interrelations which have been described in this report are compatible with either mechanism or, perhaps, with both.
Initially, these studies were undertaken in the hope that there might be disclosed some coordinated relation between the pattern of intracellular electrolytes and the occurrence of muscular weakness. There are only vague suggestions in these limited data that an excessive change in the ex- 
